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論文内容の要旨
Cofilin is a potent regulator of actin filament dynamics and mediates rapid tumover of
actin filaments by severlng aCtin filaments and by stimulating actin filament disassembly near
the pointed ends. Cofilin is inactivated by phosphorylation of Ser13 by LIM-kinases (LIMKs)
and reactivated by dephosphorylation by Slingshot (SSH) family protein phosphatases,
composed of SSHl, SSH2 and SSH3･ LIMKs are activated by Rho family small GTPase, Rho,
Rac and Cdc42, via their downstream protein kinases, such as ROCK and PAR, in response to
the extracellular stimuli. SSHl is extraordinarily activated by its association withトactin but its
activlty lS negatively regulated by the phosphorylation at Serl937/Serl978 and subsequent
binding to 14-313 proteins, which protect SSHl fTrom F-actin-mediated activation･ Several lines
of evidence suggest that cofilin and its upstream regulators, LIMKs and SSHs, play crucial roles
in cell mlgration.
Cancer cells can mlgrate in 3D matrices in either a mesenchyma1-like or amoeboid mode
during invasion and metastasis･ Mesenchyma1-like cells move in 3D gels by dismpting
connective tissues, dependent on the activity of matrix metalloproteases (MMPs), while
amoeboid cells move through the connective tissues by pushing their way out without MMP
activity･ HT1080 fibrosarcoma cells cultured in 3D collagen gels change their morphologleS
fTrom elongated (mesenchymal) to round (amoeboid) Ones fわllowing protease inhibitor (PI)
treatment or active Rho or ROCK expression. Since LIMKl is activated by ROCK-catalyzed
phosphorylation, LIMKl may play a role in elongated-to-round cell morphologlCal change and
mesenchyma1-to-amoeboid transition of mlgration modes of tumor cells in 3D matrices･
However, little is known about the roles or LIMKl in cell mo叩hology and mlgration in 3D
environments.
In chapter I of this thesis, I examined the role of LIMKl in the Pトor Rho/ROCK-induced
cell morphologlCal change,. I showed that LIMKI was activated after PI treatment of HTIO80
cells in 3D collagen gels and this activation was blocked by a ROCK inhibitor･ While
overexpression of LIMKl induced cell rounding,knockdown of LIMKl or the expression of
kinase-inactive LIMKI suppressed PI- or Rho/ROCK-induced cell rounding･ These results
suggest that LIMKI plays an essential role in the PI-　or Rho/ROCK-induced
mesenchymaトto-amoeboid cell morphologlCal transit主on of HT1080 cells cul山red in 3D
collagen gels･ Furthermore, LIMKlknockdown suppressed the invasive activlty Of HTI 080 cells
in collagen gels with or without PI, indicatlng that LIMKl mediates both mesenchymal and
amoeboid modes of invasion ofHT1080 cells.
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In chapter II of this thesis, I describe about a novel signaling mechanism that regulates cell
polarizatioムactivity of SSHl. I identified MARK3 (担icrotubules旦frlnity-regulating kinaseま) as
a kinase responsible fわr Ser-978 phosphorylation of SSHl, by employlng an expression clonlng
method･ I also provide evidence that Ser-978 phosphorylation of SSHl induced by MARKS and
its upstream kinase LKBl enhances the interaction between SSHl and 14-3-3 proteins･
overexpression of SSHl(2SA), in which Ser-937 and Ser-978 are replaced by Ala, impaired
stromal cell-derived factor (SDF)-1α-induced polarized lamellipodium fわrmation in Jurkat ce11S･
Fluorescence microscopic analyses showed that SSHl(2SA) failed to translocate into
lamellipodial protrusions after SDF-1α stimulation･ Furthermor.e, knockdown of LKBl or
MARK3 impaired polarized lamellipodium fb-ation, similar to the case orknockdown of SSHl ･
These results indicate that LKBl/MARK3-mediated phosphoⅣlation of SSHl at
ser-937/Ser-978 and its association with 14-3-3 proteins are involved in SSHl translocation to
the lamellipodium and this mechanism is criticalfor SDF-1α-induced cell polarization of Jurkat
cells.
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論文審査結果の要旨
アクチン細胞骨格の再編成は､細胞運動､細胞極性形成に重要である｡コフイリンはア
クチン繊維を切断､脱重合することによってアクチン骨格の再編成を促進し､細胞運動､
細胞極性形成に関与すると考えられる｡コフイリンの活性は､ LIMキナ-ゼによるリン酸化
で不活性化され､ Sllngshotによる脱リン酸化で再活性化される｡本論文の第1章では､ 3
次元コラーゲンマトリックス内で培養したHT1080繊維芽細胞腫の間葉系からアメーバ様-
の細胞形態変換におけるLIMキナ-ゼの機能解析を行っている｡ HT1080細胞をプロテアー
ゼ阻害剤で処理すると間菓系からアメーバ様-の形態変換がおこるが､このときLIMキナ
-ゼの活性化が観察された｡このLIMキナ-ゼの活性化はROCKの阻害剤により抑制され
た｡また､ LIMキナ-ゼの過剰発現はこの形態変換を促進し､ LIMキナ-ゼの発現抑制はこ
の形態変換を阻害した｡さらに､ LIMキナ-ゼの発現抑制はRhoやROCKによるアメーバ様
-の細胞形態の変換を阻害し､間葉系およびアメーバ様形態をもつ細胞の浸潤活性を抑制
した｡以上の結果から､ LIMキナ-ゼは､ Rho-ROCKの下流で活性化され､ 3次元マトリッ
クス培養下での癌細胞の間英系からアメーバ様-の形態変換ならびに浸潤において重要な
役割を担っていることが明らかにされた｡また､本論文の第2章では､ Slingshotの活性制
御機構を解析している｡ケモカインによるJurkat細胞の遊走において､ Slingshotlは細胞
刺激依存的にラメリボディアに局在し､細胞遊走における極性化に関与していることが知
られている｡また､ 14-3-3蛋白質はリン酸化依存的にSllngshotlと結合し､ Slingshotl
のアクチン繊維-の結合と活性化を抑制していることが知られている｡本論文では､
slingshotの14-3-3蛋白質-の結合に関わるキナ-ゼとしてMARK3を同定し､ MARK3およ
びその上流キナ-ゼであるLKBlが刺激依存的なSlingshotのラメリボディア-の局在と細
胞極性化に関与することを解明した｡以上のように､本論文によって､ LIMキナ-ゼの癌細
胞の形態変換と浸潤における新たな機能が解明され､さらにSlingshotlの新たな活性制御
機構が解明され､細胞運動機構の解明に大きく貢献した｡よって､本論文は､著者が自立
して研究活動を行うに必要な高度の研究能力と学識を有することを示している｡したがっ
て,三嶋利明提出の論文は,博士(生命科学)の博士論文として合格と認める｡
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